Abstract. The traditional L-type filter is widely replaced by LCL and LLCL type filters because of its high cost and poor filtering performance. In view of the excellent filter performance of the latter, this paper studies the performance of LCL and LLCL filters from the aspects of filtering performance and passive damping resonance suppression, and makes a comparative study. LCL and LLCL filters have different advantages and disadvantages in different harmonic bands. In this paper, four kinds of passive damping resonant suppression strategies are adopted. The theoretical and simulation experiments show that the four passive damping methods are effective .The resonant resistance of the device has played a suppression effect, in which putting the filter Capacitance and resistance in series and paralleling the network side inductance with resistance method are better, resonant suppression effect is outstanding. In this paper, through the design of specific parameters, experimental simulation, verify the correctness of the proposed conclusions.
Introduction
In recent years, with the development of distributed power generation technology, the grid inverter has been widely concerned. As a DC-AC conversion device, the inverter will produce high harmonics at its switching frequency due to the application of high frequency modulation technology. Filter links need to be added to filter it, to ensure that the inverter output current could meet the grid-connected requirements and the total harmonic distortion (THD) is less than 5%. LCL and LLCL filters are widely used in practical engineering because of their excellent filtering performance.
In [1] , the effects of current sampling frequency and different sampling positions on the current loop stability are studied. A method is proposed to improve the frequency characteristics of the system by using the digital delay of the sampling frequency control system, which makes the system stable. In [2] , the harmonic current suppression method of the PWM converter under harmonic is proposed.
Based on the different structural characteristics and resonant characteristics of LCL and LLCL filters, the filtering properties of LCL and LLCL filters in different frequency bands are compared. In this paper, the method of passive damping is used to increase the damping of the system to achieve the effect of resonance suppression due to the complexity of the active damping control structure and the reliability of the resonance suppression [3] . In this paper, four different passive damping methods are used, and the effect of resonance suppression is studied. Filter Characteristics of LCL, LLCL filters
In this case we consider the use of filters to filter out the higher harmonics into the grid. There are several commonly used filters: L-type filter, LC-type filter, LCL-type filter and LLCL-type filter. LCL and LLCL-type filters are widely used for their excellent high-frequency filtering performance. LCL filter open -loop transfer function and LLCL filter open -loop transfer function:
Frequency(Hz/s) Figure 1 The structure of LCL and LLCL filter Figure 2 LCL, LLCL filter characteristics
From the filter characteristics can be seen, LCL and LLCL filter compared with the traditional single inductor L-type filter, has its unique filtering performance. LCL filter has the same filtering effect with L-type filter with amplitude-frequency characteristic of -20dB in the low frequency band, while in the high-frequency LCL filter has a better filtering effect than the L-type and LLCL-type filters with amplitude-frequency characteristics of -60dB.
Passive Damping Resonance Suppression Characteristics
Based on the designed filter parameters, the resonant suppression after the addition of the resistor is analyzed. putting the filter Capacitance and resistance in series, paralleling resistance in the filter capacitor branch, paralleling grid side inductance with resistance and paralleling inverter side inductance with resistance can play a resonance suppression effect.
Putting the Filter Capacitance and Resistance in Series
The suppression of the resonance of the LCL and LLCL filters by putting the filter Capacitance and resistance in series will achieve the purpose of increasing the system damping, and it can effectively suppress the generation of the resonant effect while enhancing the filtering effect [4] . The open-loop transfer function: LCL filter and LLCL filter:
(1)
The filter characteristics: Figure 3 Putting the filter Capacitance and resistance in Figure 4 The LCL filter characteristics of putting the filter series of LCL and LLCL filter Capacitance and resistance in series
From the filter characteristics, the resonant spikes of the LCL filter are gradually suppressed and the effect is more and more obvious with the increase of the damping resistance, but at the same time the filtering performance is weakened in the high frequency band.
Paralleling Resistance in the Filter Capacitor Branch
The open-loop transfer function:
LCL and LLCL filter:
The filter characteristics: Figure 5 Paralleling resistance in the filter capacitor Figure 6 Resonance suppression of paralleling resistance branch of LCL and LLCL filter in the filter capacitor branch of LCL Paralleling resistance in the filter capacitor branch can also suppress resonance meanwhile will not change its high-frequency filtering performance, which is still -60dB. Consider the limit, when the resistance is large enough, the filter capacitor branch is equivalent to open circuit and can not achieve damping effect.
Paralleling Resistance with Grid Side Inductance
The filter characteristics: Figure 7 The topology of paralleling resistance with grid Figure 8 Resonance suppression of paralleling resistance with side inductance of LCL and LLCL filter grid side inductance of LCL filter
Paralleling resistance with grid side inductance can also suppress resonance. Similarly, the better the resonant suppression effect, the worse the filtering performance in the high frequency band.
Paralleling Resistance with Inverter Side Inductance
The filter characteristics: Figure 9 The topology of paralleling resistance with Figure 10 Resonance suppression of paralleling side inverter inductance of LCL and LLCL filter resistance with inverter side inductance of LCL-filter
From the filter characteristics point of view, Paralleling resistance with inverter side inductance can also play a role in the suppression of the filter resonant, the same, in the high-frequency band filter characteristics deteriorated. Connecting resistance with the grid side inductance and inverter side inductance in series are equivalent to increasing the resistance of the grid and the line, both of which are not discussed anymore.
Simulation Experiment Validation
Based on the matlab / simulink library, this paper designs a simulation model with DC side voltage of 700V(ܷ ௗ = 700V), AC side network voltage of 220V(‫ݑ‬ = 220ܸ) and power of 20kW. According to the design principles of [5] and [6] , the parameters of LCL filter are L ଵ =1mH，L ଶ =0.2mH, C =20u F. The inverter switching frequency is f ୱ୵ =10kHz. the parameters of LLCL filter are L ଵ =1mH, L ଶ = 0.2mH，C =20uF，L =0.3mH. Inverter control is double-loop control, namely, constant power outer loop control and current inner loop control. The current controller is designed using the PI controller. The parameters are designed as follows: proportional element P = 10, integral part I = 500.
Resonance Suppression Characteristics
The simulation characteristics of the resonant suppression characteristics of the LCL filter are as fol lows. The current waveform is seriously distorted, far from meeting the requirements that total distortion of harmonic current should be less than 5%.
After adding the filter link, the total harmonic distortion is 237.6% when the resonance suppression strategy is not adopted. Due to the resonance problem of LCL filter, four kinds of passive damping resonant suppression methods are studied in the third section, and the appropriate resistance value is selected. The effect of resonance suppression is obvious. The experimental results show that the resonant problem caused by the resonant characteristics of the LCL filter is effectively suppressed, and the total harmonic distortion of the current is shown in Table 1 . Among them, the total harmonic current distortion of the filter capacitor seriating resistance method and the network side inductance paralleling resistance method are controlled at 5% or less meeting the grid-connected requirements. Filter capacitor branch paralleling resistance method and inverter side inductance paralleling resistance method are not able to make the total harmonic current distortion down to 5%.
Comparison of Filter Characteristics of LCL and LLCL Filters
From the analysis of the LCL filter and LLCL filter characteristics, it can be seen that the filtering performance of the high frequency band of LLCL filter is not as good as that of the LCL filter. In the simulation model, the total current harmonic distortion is 3444.02% after Fourier analysis of the filter without filtering.
According to [7] , the appropriate LCL and LLCL filter parameters are designed to compare the filtering effect in the simulation model. A set of LCL filters and LLCL filter parameters, LCL parameters are designed:
Filtered by the LLCL filter, the total harmonic distortion of the current is 5.37%, while that filtered by the LCL filter is 5.77%. They are close. It shows that the filtering effect of the two filters is equivalent in the low frequency band, which is consistent with the theoretical analysis.
In the same way, the filter characteristics of LCL filter and LLCL filter are obtained by using the designed simulation model. The total harmonic distortion of the current is shown in Table 2 .
Through the analysis of the filtering characteristics under different damping modes, the LCL filter and the LLCL filter have the same filtering effect in the low frequency band, so the total harmonic distortion is basically the same after filtering. 
Conclusion
In this paper, the filtering characteristics of LCL filter and LLCL type filter are compared under the same working conditions. At the same time, several resonant suppression characteristics after passive damping are studied and compared. Based on the findings, the following conclusions can be drawn:
1) In L, LCL, LLCL three commonly used filters, the filter characteristics of L-type filter is poor than LCL, LLCL filter in the high-frequency band due to the filter structure problem, although there is no resonance problem. The filtering effect of LLCL filter is obvious in the middle frequency band, while in the low frequency band and high frequency band the filtering effect is the same as that of the L-type filter. The advantage of LCL filter is mainly reflected in the high frequency band.
2) The four kinds of passive damping resonant suppression methods can effectively suppress the resonator of the filter, and the resonant suppression effect of the filter capacitor and resistance in series method or paralleling grid side inductance with resistance method are obvious.
3) It is found that the ability of suppressing resonance using putting the filter Capacitance and resistance in series method or paralleling grid side inductance with resistance method is superior to the other two methods, whether it is LCL filter or LLCL filter.
